Quah-Smith, Im; Suo, Chao; Williams, Mark A. and Sachdev, Perminder S. (2013) ABSTRACT Background: It has been suggested that the antidepressant effect of laser acupuncture involves modulation of the default mode network (DMN) or resting state network (RSN). In this study, the authors investigated changes in the DMN during laser acupuncture in depressed and nondepressed participants. Objective: To aim of this study was to determine if the modulation of the DMN effects by laser acupuncture in depressed participants are different from those of nondepressed participants. Design: Randomized stimulation was performed with laser acupuncture on four putative antidepressant acupoints (LR 14, LR 8, CV 14, and HT 7) in a block on-off design, while the blood oxygenation leveldependent (BOLD) fMRI response was recorded from each subject's whole brain on a 3T scanner. DMN patterns of the participants were identified, using an independent component analysis. The identified DMN components from both the nondepressed group and the depressed group were then analytically compared using SPM5. Setting: This study took place at a research institute. Subjects: Ten nondepressed participants and 10 depressed participants (DS) as confirmed by the Hamilton Depression Rating Scale (HAM-D) participated in this study. Intervention: Low Intensity Laser Acupuncture. Main outcome measures: Significant DMN patterns in one group were greater than those in the other group.
INTRODUCTION
T he default mode network (DMN) is a network of brain regions that are active when the brain is at rest. This network is also referred to as the resting state network (RSN). When the brain is at rest, it is task-negative (for example sitting quietly while waiting to catch a bus and not doing anything in particular, hence, not engaging in a task). The brain is task-positive when it has an actual task to complete (for example, reading this article is a task). 1, 2 There has been some preliminary evidence to support the hypothesis that the resting brain and DMN are involved in stimulus-independent thought (SIT), which may be important for mental well-being in the individual. 3 Mason et al. suggest that SIT allows a ''sense of coherence to the individual's past, present and future experiences,'' in other words, a sense of self. This resting state and SIT help modulate the individual's ability to manage concurrent tasks mentally when the brain is next in task-positive mode. 3 Although the place of the DMN in depression is unclear, there is emerging evidence that there are shifts in functionality of the DMN in depression, [4] [5] [6] [7] [8] with heightened activity within the DMN and failure to downregulate in the resting brain.
Functional magnetic resonance imaging (fMRI) studies over the last decade have revealed the central effects of needle acupuncture, including the modulation of the default DMN or RSN. 9, 10 However, it is still unclear what this DMN modulation achieves during needle acupuncture. The regulatory role of acupuncture is modality-independent, as there has been some evidence that laser acupuncture also modulates the DMN. 11 The current authors previously reported the differing brain patterns of healthy individuals, compared to depressed individuals during laser acupuncture to depression-specific acupoints. 12 This investigation was extended to the current study to identify and compare the modulatory effects of laser acupuncture on the DMN components of nondepressed versus depressed participants.
METHODS

Ethics Statement
This study was approved by the research ethics board of the South Eastern Sydney-Illawarra Area Health Service. Subjects provided written informed consent before participation.
Participants
The study was conducted in two stages. Two groups (10 nondepressed participants and 10 participants with major depression, all right-handed) were independently randomly stimulated with laser acupuncture on four acupoints (LR 14, LR 8, CV 14, and HT7), which are used clinically in the treatment of depression according to Traditional Chinese Medicine (TCM).
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Inclusion Criteria for Nondepressed Participants
In stage one, the participants (5 women and 5 men) were healthy, nondepressed, volunteers ages 18-50 (mean age = 39.8 years), who were recruited from staff and student advertisements by the University of New South Wales and the Prince of Wales Hospital, in Sydney, Australia. In each of these participants, there was no past history of depression or other psychiatric disorders (Beck Depression Inventory 15 score of < 10), no history of drug or alcohol abuse, and no psychotropic medication or herbal intake within 3 months of the study.
Inclusion Criteria for Depressed Participants
Depressed participants (5 women and 5 men), ages 18-50 (mean age = 43.7 years) were recruited for stage two of the study. The recruitment process was similar to that of the healthy, nondepressed participants, but also included general practice patients with confirmed clinical depression in metropolitan Sydney, Australia. All participants were currently depressed according to the Diagnostic and Statistical Manual of Mental Disorders, 4th ed., (DSM-IV) classification. 16 All depressed participants scored ‡ 12 on both the self-reporting Beck Depression Inventory (BDI: mean score: 22.8) and scored ‡ 14 (mean score 21.0) on the clinician-assessed Montgomery and Asberg Depression Rating Scale (MADRS). 17 Their individual scores on the clinician-assessed Hamilton Psychiatric Reporting Scale (HAM-D) 18 were > 10 (mean score: 18.5). Among these participants, there was no history of alcohol abuse or psychotropic medication or herbals taken within 3 months of the scans.
Exclusion Criteria for Both Groups
Presence of systemic or neurological disorder, mania, or any other psychiatric disorders (apart from depression) were grounds for exclusion from the study in depressed participants.. Any contraindications to magnetic resonance imaging (MRI; e.g., pacemakers, ferromagnetic implants or foreign bodies, claustrophobia) were also grounds for exclusion in both groups.
Sample Size
The sample size for this study (n = 20) was a composite of both the nondepressed participants and the depressed participants.
Choice of Acupoints
The chosen acupoints were those used in a pilot clinical study that found laser acupuncture (LA) to be efficacious for treating of mild-to-moderate depression ( p < 0.001). 19 These acupoints are on the classically named Liver (LR), Heart (HT), and Conception Vessel (CV) meridians and are acupoints useful for treating depression.
11 LR 14 is the ''alarm point'' on the LR meridian and was selected for its rapid onset in action. LR 8 is the ''water point'' on the same meridian and is useful for calming ''Liver Fire'' according to TCM, which may present as somatic symptoms of depression, such as headaches, pectoral pains, and ''heartburn.'' In TCM, reference to the Heart is usually the emotional heart and CV 14 is the ''alarm point'' of the Heart meridian; this point useful for addressing upper gastrointestinal somatic changes of depression. HT 7 on the Heart meridian is classically used as a calmative or sedation point to help an individual relax.
We used left-sided LR 8, which is in the region of the left medial knee area, between the insertions of the sartorius and semitendinosis muscles. Right-sided LR 14 is in the vicinity of the right sixth intercostal space on the mid clavicular line. Left-sided HT 7 is at the wrist crease, in the vicinity of the radial side of the left flexor carpi ulnaris. CV 14 is in the anterior midline, approximately 5 cm below the xiphisternum.
Laser Stimulation
A Moxla
Ò prototype fiberoptic infrared light laser (Euryphaessa AB, Orgnr: 556746-8987, Stockholm, Sweden; 808 nm) with a 25-mW capacity and a fiberoptic arm was developed for usage in the MRI scanner. The laser parameters were similar for both groups. 11, 12 The acupoints were clearly circled with a skin-marking pen (circumference slightly more than the laser probe) before scanning commenced. A stably held laser was applied to the skin by the acupuncturist (I. Q-S.) who moved the laser from point to point according to the time signal. The laser ''on'' and ''off'' was achieved with a computer signal time-locked to the MRI acquisition. In the first round, each run had 25 mW · 20 seconds of laser-energy delivery (0.5J), and each acupoint received 4 active laser runs (0.5J · 4 = 2J). In the second round, the procedure was repeated (another 2J). The total energy delivered was 4J per acupoint per participant.
fMRI Design
A ''block on-block off'' design (Active-Rest-ActiveRest) was applied while the blood oxygen level-dependent (BOLD) fMRI response was recorded from each subject's whole brain on a 3T scanner. Blocks of 24 seconds' duration during which the subject received either laser (the laser is switched ''on'') or placebo (the laser is switched ''off'') were applied at each acupoint. As has been previously mentioned, the 24 seconds included a 2-second builtin time delay for laser safety, 2 seconds TR (or rest time) and the actual active or placebo laser blocks of 20 seconds. Eight blocks comprise one session (192 seconds). There was randomization of the two sessions for each of the 4 acupoints (LR 14, CV 14, HT 7, and LR8). In total there were 8 sessions for the whole fMRI design.
fMRI parameters
Acquisition. Imaging was performed on a 3T Philips Intera MRI scanner (Philips Medical Systems, Best, The Netherlands) for both T1-weighted three-dimensional (3D) structural and BOLD contrast fMRI. The 3D structural MRI was acquired in sagittal orientation, using a T1- Independent component analysis. All samples underwent independent component analysis (ICA) with the Group ICA of fMRI Toolbox (GIFT), [20] [21] [22] [23] using the estimated total component numbers. ICA allows for extraction of independent data from fMRI data. In this study, group ICA analysis was applied on fMRI data separately on depressed and nondepressed subjects. The different sessions with the acupoints were input as different scan sessions. First, GIFT estimated the suggested component number for each group. Second, all the components of the intragroup mean were ranked according to a standard DMN template. 24 The anterior and posterior components of DMN were decided based on the spatial ranking and temporal frequency attributes. 25, 26 Finally the DMN components of each individual and each acupoint were extracted and entered into the full factorial group comparison.
Second-level post processing. Given that the DMN consisted of two parts, a full factorial design was used to perform the group comparison, using SPM. There are two second-level factors in the design matrix: DMN (anterior/ posterior) and group (nondepressed subjects/depressed subjects)
RESULTS
ICA
In the nondepressed subjects group, 42 independent components were isolated using GIFT. All 42 components were carefully ranked according to spatial and temporal attributes. Component 36 was selected as the anterior DMN, and component 40 was selected as the posterior part of the DMN for the nondepressed subjects. Similarly, in the depressed subjects, components 38 and 40 were selected as the anterior and the posterior parts of the DMN respectively (Fig. 1) .
FIG. 1. Default mode network (DMN)
. The independent components of the default mode network (DMN) for the nondepressed, healthy subject group and the major depressive subject group during acupuncture. In the nondepressed healthy group, components 36 (left-top) and 40 (left-bottom) indicated the anterior and posterior parts of the DMN. However, in the depressive group, the anterior and posterior parts of DMN were components 38 (right-top) and 40 (right-bottom).
Full Factorial Analysis
Using full factorial analysis on SPM, both nondepressed and depressed subjects had modulation of both anterior and posterior DMNs. However, each of nondepressed subjects had outstanding significant modulation of DMN in the frontal region at medial frontal gyrus. All clusters were presented with p < 0.05 (FWE correction) and k (cluster size) > 40 voxels. LR 8, LR 14, and CV 14 produced a significant difference in DMN modulation between nondepressed and depressed subjects. HT7 produced no significant difference between the two groups. 
FIG. 2. Medial frontal gyrus (MFG) in nondepressed healthy subjects (HS).
Compared with depressed subjects, nondepressed subjects' DMN showed more activation at the bilateral medial frontal gyrus, consistently among different acupuncture points. Regions of interests were the bilateral medial frontal gyrus cluster of the comparison between depressed subjects' DMN and nondepressed subjects DMN during acupuncture. Different colors were used to label the different acupuncture points. The middle slice at the sagittal direction was chosen as the background.
128
QUAH-SMITH ET AL.
In the depressed subjects, there were more DMN activations in the following regions: right inferior temporal gyrus HT 7. There were no significant differences between nondepressed and depressed subjects' activations with this acupoint.
DISCUSSION
Emerging evidence describing the normal function of the DMN as being necessary for mental and physical well-being has widened interest in the part the DMN plays in many conditions. Needle acupuncture has been suggested to be effective for reestablishing this regulation. 27, 28 In the current authors' previously reported work on laser acupuncture on ''depression-specific'' acupoints in a healthy sample, there was activation of the limbic system (cingulate) and the frontal cortex (middle frontal and superior frontal gyrii) suggestive of anterior DMN modulation.
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This experimental condition was also extended by the current authors to a sample of major depressed subjects and this was noted as having increased brain regions of activation to include the parietal cortex, temporal cortex, and cerebellum. 12 These brain regions had an important involvement in the posterior DMN.
Although the ICA findings support the DMN results from these two previously observed groups, the modulation did not include exclusive anterior DMN modulation in the nondepressed subjects or exclusive posterior DMN modulation in the depressed subjects. The anterior and the posterior DMN are most likely to be anticorrelated, meaning that, when the anterior DMN is more active, the posterior DMN is less active and vice versa. 29 The magnitude of the BOLD signal at the medial frontal gyrus was constantly high for nondepressed subjects, DMN compared to the depressed subjects' DMN across the three acupoints. This outstanding and consistent modulation of the medial frontal gyrus across all three significant 
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acupoints (LR 8, LR 14, and CV 14) in nondepressed subjects may be one of the key features linked to a sense of well-being. Anterior medial cortical activity is linked to self-reflection and a healthy perspective regarding oneself. 30 Activation changes in the posterior DMN is implicated in major depression. 31, 32 Connectivity between the temporal cortex and regions of the posterior DMN, including the precuneus and posterior cingulate, has been previously reported, 30 and there is perhaps a change in this connectivity in depressed individuals. Further, negative reflections or ruminations (during SIT) by a depressed individual changes brain connectivity between the posterior cingulate and the subgenual cingulate, 31 and this may be where laser acupuncture modulation also occurs. In other words, stimulation by laser acupuncture of wider areas of the DMN-including the temporal and posterior cingulate regions of the posterior DMN-in depressed participants (brain regions involved in over-reflection or rumination and distortion of the sense of self 32 ) may be part of the regulatory role of laser acupuncture.
There are, of course, limitations in this study. It had small sample size. The depression symptoms that were chosen for the psychological measures in this study may be representative of this depressed group of participants alone. Hence, the comparison of DMN changes being tested by this study may be restricted to this sample of nondepressed and depressed participants. The findings therefore need to be replicated in an independent sample. Furthermore, given that major depression is a diverse disorder, and the subjects in the current study were outpatients (a primary-care scenario) with mild-to-moderate severity of depression, the findings may not be applicable to all types of depressive disorders.
Finally, this was a cross-sectional study. Change in DMN before and after treatment with acupuncture and other antidepressant treatments must be examined. The significance or function of the medial frontal gyrus needs to be evaluated further with respect to the health and wellbeing of the individual. This brain region, being involved in hopes and aspirations, may be synonymous with a healthy sense of self. 30 
CONCLUSIONS
Laser acupuncture on LR 14, LR 8, and CV 14 significantly modulates both the anterior and the posterior components of the DMN in both nondepressed and depressed participants. The medial frontal gyrus, as part of the anterior DMN, was significantly activated in nondepressed participants across all acupoints. There was a shift away from this consistent anterior modulation in the depressed subjects toward a greater posterior network modulation. The modulation of the posterior DMN may be part of the antidepressant effect of laser acupuncture. Rumination or over-reflection and the distortion of the sense of self are targeted.
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